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Abstract.— Rates of gaseous exchange were measured on selected desert shrubs native to the northern Mojave

Desert to determine effects of varying chamber temperature, C02 concentration, relative humidity, and root tem-

perature in preliminary studies. Results indicate that changes in these parameters produced differences in the rates

of photosynthesis and transpiration. Ceratoides lanata (Pursh) took up CO2 almost equally at 25 and 39 C. Doubling

tin' ( ()
2 concentration in the below-ambient range roughly doubled photosynthesis rates in C. lanata. Very small

Pianges in relative humidity had marked changes in the photosynthesis and transpiration rates of four species stud-

ied, with greater effect on transpiration. Photosynthesis and transpiration increased, and water-use efficiency de-

creased in two species as soil temperature was increased from 9 to 29 C.

The subject of photosynthesis has been dis-

cussed and reviewed thoroughly by Sestak et

al. (1971), Troughton (1975), and Cooper

(1975). These reviews indicate that it is very

difficult to predict or explain the photo-

synthetic rate of a plant because it is in-

fluenced by the simultaneous action of many
external and internal factors that affect the

rate of photosynthesis.

For this reason a study was undertaken

with objectives to determine how sensitive

the rates of C02 exchange and water loss are

to variations in chamber temperature, COa

concentration, relative humidity, and the

root temperature of the plant (i.e., how much
variation can be tolerated in these parame-

ters without adversely affecting the validity

of gas exchange rates in desert plants). This

technique has been described by Koller

(1975).

Rates of photosynthesis and transpiration

were measured using the Null-point Com-
pensating System (Koller 1970) with the Im-

proved Feedback Mechanism (Mork et al.

1972). The principle of this system is based

on maintaining essentially constant condi-

tions in the chamber; i.e., the C02 concentra-

tion, the relative humidity, the chamber tem-

perature, and the bath temperature must be
constant to make valid measurements of com-
pensation rates.

MATERIALS AND Ml

Five species of desert shrubs were tested in

February and March 1972: Ephedra neva-

densis S. Wats., Larrea tridentata (Sesse &
Moc. ex DC.) Cov., and Lycium pallidum

Miers in the field, and Atriplex hymenehjtra

(Torr.) S. Wats., Ceratoides lanata (Pursh)

and L. tridentata in the glasshouse.

Field plants were tested at various levels of

C02 concentration. Plants in the glasshouse

were tested at various chamber temperatures

and root temperatures. Initially, a more com-
plete and extensive study was envisioned,

particularly with regard to the effect of

varying the root temperature. All the neces-

sary equipment was on hand: the plants were
growing in water-jacketed lucite cylinders, so

the root temperature could be adjusted by

running heated or cooled water through the

jacket. In each case one parameter was var-

ied, and the rates of photosynthesis and trans-

piration were measured using the Null-point

Compensating System with the Improved

Feedback Mechanism. The light intensity

was measured with a portable Weston meter.

Air temperature has complex interactions

with photosynthetic rate (Bauer et al. 1975,

Mooney et al. 1975), but a study of them is

not the purpose of this report.

The photosynthesis and transpiration rates
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were calculated using the method of Koller

(1970) and expressed as mg C02 per g dry tis-

sue per h (or as mg C02 per sample per h)

and g H2 per g dry tissue per h (or as g H2

per sample per h), respectively.

Efficiency of water use is a ratio of photo-

synthesis (g C02 fixed per unit time) to trans-

piration (g water lost per unit time) X 100

(percent).

Results and Discussion

Increasing the chamber temperature about

25 C tended to increase the rate of water loss

up to 46 C for C. lanata at field capacity soil

moisture (Table 1). The rate of photo-

synthesis was decreased at 46 C but not at 39

C relative to 25 C. A wide optimum range

was indicated for these glasshouse-grown

plants.

The C02 concentration in the chamber had
significant effects on the plant process rates

as expected (Table 2). Increasing the C02

concentration (range 90-375 ul/1 air) in-

creased the C02 exchange for L. pallidum al-

most tenfold while reducing the water loss by
about 10 percent. About the same range of

increases in C02 increased the C02 exchange

about fourfold for L. tridentata, with a reduc-

tion in water loss of about 10 percent. Dou-
bling the concentration of C02 in these low
ranges roughly doubled the rate of C02 ex-

change. Decreasing the relative humidity

even by very small increments for L. triden-

tata and E. nevadensis tended to reduce the

C02 uptake (r = +0.68 and +0.99, respec-

tively, for the two species) and increase the

water loss rate (Table 3). In contrast, the net

result of a slight decrease in relative humid-

Table 1. Effects of chamber temperature on photosynthesis and transpiration rates and on efficiency of water use

of Ceratoides lanta grown in the glasshouse (3-9-72).
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ity on C. lanata was an increase both in pho-

tosynthesis (r = -0.94) and in water loss (r =
-0.99). For L. pallidum the effect on the

rates was somewhat the same (r = + 0.26 for

photosynthesis and -0.84 for transpiration

with decreasing relative humidity).

In the experiment with root temperature,
the range should have been extended up to

perhaps 40 C or higher. The data in Table 4
(for the range 10 to 29 C) showed increases in

Table 3. Effect of relative humidity on photosynthesis and transpiration rates, and on efficiency of water use of

Lijcium pallidum (3-17-72). Larrea tridentata (3-19-72), Ephedra nevadensis (3-21-72) and Ceratoides lanata (2-3-72) in

the glasshouse.
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both photosynthesis and transpiration for

both L. tridentata and A. hymenelytra grown

in the glasshouse. Water-use efficiency de-

creased as soil temperature increased, as has

been observed elsewhere (Wallace 1970). The

C4 plant, A. hymenelytra, had a 4.6-fold

greater photosynthetic rate, a 2.9-fold greater

water-use efficiency, and a 1.6-fold greater

transpiration rate at 29 C root temperature

than the C
3

plant L. tridentata. At 10 C root

temperature the C4 plant had 2.9-fold greater

photosynthesis, 2.4-fold greater water use ef-

ficiency, and 1.24-fold greater transpiration.

The apparent advantages of the C4 character-

istics seem to decrease as soil temperature is

decreased.

Changes in the COa concentration, the

chamber temperature, the relative humidity,

or the root temperature of the plant may
produce tenfold differences in the gas ex-

change rates. Therefore, it is important to

maintain each of these parameters as con-

stant as possible when making observations in

experimental tests.
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